Object. The reported incidence of hospital-acquired bacterial pneumonia in critically ill trauma patients varies from as low as 4% to as high as 87%, with fatality rates varying from 6% to 59%. Clinical studies have identified the risk factors for pneumonia. The authors undertook this retrospective study to evaluate the incidence, risk factors, and outcomes of hospital-acquired bacterial pneumonia in a group of patients with severe head injuries.
T he reported incidence of hospital-acquired bacterial pneumonia in critically ill trauma patients varies from as low as 4% to as high as 87%, 24 ,31 with fatality rates varying from 6% to 59%. 10, 12 Clinical studies have identified the risk factors for pneumonia; they are severe head injury, 27 flail chest managed by endotracheal intubation and mechanical ventilation, 31 length of stay in the critical care setting, 9 immobilization of the trauma patient in a conventional bed, 26 hypotension, 8 and misuse of pharmacotherapy. 1 We undertook this retrospective study to evaluate the incidence, risk factors, and outcomes of hospital-acquired bacterial pneumonia in a group of patients with severe head injuries admitted to the neurosurgical ICU.
Methods

Patient Population
The study was performed at a major tertiary trauma center in Kaohsiung, Taiwan. A retrospective review of consecutive adult patients admitted to the neurosurgical ICU in our hospital because of severe head injury (GCS scores ≤ 8) between January 2008 and December 2010 was performed. The study was approved by the institutional review board. The patients' data were obtained during a retrospective systematic chart review of a prospective database in our hospital's ICU. The 1100-bed hospital has a 16-bed neurosurgical ICU staffed by a full-time, on-site neurosurgeon 24 hours a day, 7 days a week. The hospital has a designated trauma service including a consulting surgeon who is available 24 hours a day. There are 8 neurosurgeons in the department, all of whom are certified in neurosurgical critical care. Patients were enrolled because of TBI with or without other system trauma. Critical care management was provided by a 24-hour in-house neurosurgical critical care team in conjunction with the trauma team.
Fever Management
When fever was observed in the patients, we performed sputum cultures, sputum routine tests, blood cultures, and urine routine tests in our neurosurgical ICU. All the infection cases were evaluated and controlled by the infection control unit.
Diagnosis of Pneumonia
The diagnosis of pneumonia was based on the following: 1) temperature ≤ 36°C or ≥ 38.5°C; 2) leukocytosis (≤ 4000 or ≥ 12,000 leukocytes/mm 3 ); 3) new or progressive infiltrates as seen on chest roentgenogram; and 4) presence of at least 1 microorganism at a concentration of at least 10 6 colony-forming units per ml on tracheal aspirate culture. 1 
Scoring Systems
The ISS System. The ISS is an established medical scoring system for assessing trauma severity. 3 The APACHE II System. The APACHE II is a disease severity classification system, and it is one of several ICU scoring systems. Patients are classified on the basis of this scoring system within 24 hours of admission to an ICU. The APACHE II system uses an integer score ranging from 0 to 71 to classify ICU patients, and is computed on the basis of several measurements; higher APACHE II scores correspond to more severe disease and a higher risk of death.
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Pneumonia Risk Factors for Analysis
Risk factors evaluated for pneumonia include age; sex; mechanical ventilation; nasogastric tube insertion; hemiplegia or hemiparesis (muscle power ≤ Grade 3); chest trauma (≥ 3 rib fractures, lung contusion, hemopneumothorax, and flail chest); prophylactic antibiotic use; chronic systemic diseases including liver disease, chronic lung disease, diabetes mellitus, hypertension, and heart disease; ISS; and APACHE II score.
Outcome Analysis of Patients With Pneumonia
Analysis of the survival risk factors evaluated for patients with pneumonia include age; sex; mechanical ventilation; nasogastric tube insertion; hemiplegia or hemiparesis (muscle power ≤ Grade 3); chest trauma (≥ 3 rib fractures, lung contusion, hemopneumothorax, and flail chest); prophylactic antibiotics; chronic systemic diseases including liver disease, chronic lung disease, diabetes mellitus, hypertension, and heart disease; ISS; and APACHE II score.
Statistical Analysis
Data for categorical variables were presented as the number (percentage), and those for continuous variables were presented as the mean ± SD. Comparison of continuous variables between groups (for example, with and without pneumonia) was made by independent sample ttest. For the comparison of categorical variables between groups, the chi-square or Fisher exact test was analyzed when appropriate. Survival from the time of neurosurgical ICU admission to pneumonia occurrence or last follow-up was estimated using the Kaplan-Meier method. Univariate (unadjusted) and multivariate Cox proportional hazard models were performed to identify the predictive factors of survival. Results of Cox regression were presented as hazard ratios with their corresponding 95% confidence intervals and p value. The strategy of Cox regression model building was as follows. Univariate analysis was conducted to identify the potential candidates for predictive factors. Furthermore, variables that were significant in univariate analysis were treated as covariates and then entered into multivariate analysis. In multivariate analysis the significant (p < 0.05) covariate(s) were then considered as an independently predictive factor in pneumonia development. All probabilities were 2-tailed and the significance level was set at p = 0.05. Statistical analyses were performed using the SPSS for Windows software (version 15.0, SPSS Inc.).
Results
During the study period, 290 patients with severe head injury were admitted to the neurosurgical ICU and 86 (29.66%) developed pneumonia. The duration for the development of pneumonia was 4.62 ± 3.21 days after admission. The mean age of the patients was 45 years. Univariate analysis showed that the development of pneumonia was associated with ventilator use, nasogastric tube insertion, hemiplegia or hemiparesis, and low APACHE II score (Table 1) . Eighty-six patients had developed pneumonia by the end of the follow-up duration. The overall median survival could not be determined because of the low incidence rate of pneumonia (< 50%). The mean survival time was 31.9 ± 1.8 days. The cumulative probability of event-free survival for pneumonia at 10, 20, 30, 40, and 50 days after admission was 65%, 60%, 55%, 55%, and 55%, respectively (Fig. 1) .
For evaluating the predictive factors for survival, we used multivariate Cox regression analysis, after adjusting for other covariates. The results showed that the following factors were significantly associated with an increased risk of development of pneumonia: age (HR 1.01, 95% CI 1.001-1.02); nasogastric tube insertion (HR 4.56, 95% CI 1.11-18.64); and hemiplegia or hemiparesis (HR 3.79, 95% CI 2.01-7.17) ( Table 2) .
Of the 86 patients with pneumonia, 10 died of severe brain injury; univariate analysis showed that no significant factors were associated with death in these patients (Table 3) . Table 4 shows the 16 isolated pathogens. The most common gram-positive organism was Staphylococcus aureus (23 patients; 16 had oxacillin-sensitive S. aureus and 7 had oxacillin-resistant S. aureus) and the most common gram-negative organisms were Pseudomonas aeruginosa (38 patients), Haemophilus influenzae (25 patients), and Klebsiella pneumoniae (18 patients).
Discussion
Infection and multiple organ failure are the most common late complications in patients with multiple traumas. Pneumonia has the highest incidence of all posttraumatic infections, and both early diagnosis and specific treatment are mandatory.
14 In this study, we explored a comprehensive range of features implicated in the development of pneumonia. We included demographic, clinical, and neurological factors as well as motor and swallowing functions. Our findings confirm the multifactorial nature of pneumonia in patients with severe head injury, including patients with multiple traumas, and they also indicate that a few relatively simple clinical characteristics may provide the most robust predictors. Univariate analysis showed that the following factors were associated with an increased risk of developing pneumonia: ventilator use, nasogastric tube insertion, hemiplegia or hemiparesis, and low APACHE II score. The multivariate Cox regression analysis showed that the main risk factors were age, nasogastric tube insertion, and hemiplegia or hemiparesis.
Several studies demonstrated a correlation between the severity of trauma and incidence of infections. 7, 29 In our patient population (severe TBI with or without other injuries) we found that patients with focal neurological deficits including swallowing problems, hemiplegia or hemiparesis, and those with respiratory failure were at a high risk for developing pneumonia.
Patients in whom a ventilator was used, either for hyperventilation to control increasing intracranial pressure or because of respiratory failure, were at a high risk for airway bacterial colonization and pulmonary infection. 4, 6, 19 The mechanisms suggested by LaForce 18 were colonization of the lower respiratory tract with microorganisms, continuous microaspirations, and overcoming of lung defense mechanisms. 15, 18, 20 In our study, if a patient needed a ventilator for more than 2 weeks because of depressed consciousness level and poor cough function, we performed a tracheostomy, following which pneumonia could be controlled.
Age-based differences in outcome and immune response after multiple traumas have been described in the past. In this context, Kahlke et al. 15 reported a significantly high incidence of pneumonia in patients older than 60 years of age. In the present study, multivariate logistic regression and survival analyses also showed age-based differences.
Sellars et al. 28 reported that greater disability may be an important factor, because more disabling strokes are likely to be associated with a propensity to aspiration and hypostatic pneumonia. 2, 13, 22, 28, 30 In the present study, hemiparesis or hemiplegia was associated significantly with the development of pneumonia. This is due to the fact that significant neurological deficits could interrupt chest therapy and cause increased sputum accumulation. Timely physical therapy interventions may improve gas exchange and reverse pathological progression, thereby curtailing or avoiding artificial ventilation in the ICU, and should be arranged immediately after the patient's condition stabilizes. 32 Dysphagia is a necessary but insufficient sole condition for the development of pneumonia, 5, 11, 21, 23 but nasogastric tube usage was an important risk factor for the development of pneumonia in our study. Nasogastric tube usage could alter the oral flora and interfere with oral care. Patients with nasogastric tubes also had impaired gag reflexes and cough function. Nasogastric tube usage constituted a possible mechanism for the development of pneumonia. A retrospective, anecdotal review of the experience at Larissa University Hospital's ICU revealed that 60% of patients with stroke or head injury and a poor GCS score required gastrostomy prior to hospital discharge, and these individuals usually had a decreased level of consciousness and/or dysfunctional swallowing on discharge. 17 Performing early gastrostomy instead of using a nasogastric tube could also decrease the incidence of paranasal sinusitis. The incidence of infectious maxillary sinusitis and its relationship to pneumonia in critically ill patients were investigated in a prospective study. 17 Early gastrostomy might be considered for patients with severe head injury who need a long time to recover. However, early gastrostomy instead of nasogastric tube insertion remains controversial because of the possible complications of percutaneous gastrostomy. 1 Further evaluation and comparison between gastrostomy and nasogastric tube insertion are mandatory for patients with severe head injury.
In our study, we administered one dose of antibiotics before and 24-hour prophylactic antibiotics after cranial surgery for patients who needed emergency cranial operations. The univariate analysis demonstrated that the development of pneumonia was not associated with prophylactic antibiotic use. In our study 45 patients with pneumonia received prophylactic antibiotics, and 10 of them acquired multiple drug resistance to nosocomial pathogens. A higher resistance rate was found in this group compared with patients not using prophylactic antibiotics. A strong argument against antibiotic prophylaxis is the increasing occurrence of resistant pathogens, which leads to an increased incidence of pneumonia caused by multiple drug-resistant nosocomial pathogens. 29 Considering the results of previous studies as well as the present study, we propose that prophylactic use of antibiotics before and after emergency cranial surgery does not prevent pneumonia.
A previous study has shown that APACHE II scores were related to the mortality rate in patients with community-acquired pneumonia. 25 However, our results were different and showed that a low APACHE II score was associated with the risk of development of pneumonia. The mortality rate in the nonpneumonia group was 40.69% (83 of 204 patients died), and that in the pneumonia group was 11.63% (10 of 86 patients died). After analyzing the cases of patients who died, we observed that a high APACHE II score was associated with a high mortality rate in the nonpneumonia group. This could be because the patients may have survived the severe TBI and then may have developed pneumonia later.
The most common pathogens of pneumonia identified in our study were P. aeruginosa, H. influenzae, S. aureus (oxacillin-susceptible S. aureus), and K. pneumoniae. We suggest that when pneumonia is suspected in patients with TBI, antibiotics should be administered to target these pathogens first. This information about common pathogens isolated from patients with pneumonia may help physicians choose antibiotics to treat pneumonia before the bacteria grown in cultures can be identified.
Of the 86 patients with pneumonia, 10 did not survive, and univariate analysis revealed no significant factors in comparisons between patients with pneumonia who survived and those who did not. Chart review of patients who did not survive revealed that the major cause of death was severe irreversible brain injury.
Conclusions
We found that age, nasogastric tube insertion, and hemiplegia or hemiparesis are 3 major risk factors associated with the development of pneumonia in patients with severe head injury. This finding constituted the basis for developing a simple screening tool that could be used by nursing and medical staff for clinical identification and evaluation of the risk of occurrence of pneumonia in patients with severe head injury. Early gastrostomy and timely physical therapy interventions might be considered for patients in the ICU who have severe head injury and need a long time to recover.
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